This paper presents the experimental program conducted for evaluation of the rate-dependent 6 and stress-relaxation behaviour of unsaturated reconstituted London Clay. A series of drained 7 constant rate of strain (CRS) compression-relaxation tests with single-staged (SS-CRS) and 8 multi-staged (MS-CRS) loading modes were performed in an innovative CRS oedometer cell 9 where soil suction evolutions were monitored using two high-capacity tensiometers (HCTs).
Introduction 26
The hydro-mechanical behaviour of natural clays is highly influenced by time and rate effects 27 (Bagheri et al. 2015) . The time-and rate-dependent soil parameters are the key factors for 28 design, analysis, and construction of geotechnical structures. The effect of strain-rate is 29 highlighted in staged construction of geo-structures where each stage of the construction plan 30 alters the rate of soil straining in the ground. Furthermore, the construction plans often involve 31 stages of constant total strain in the soil body during which the effective stress decreases 32 continuously with time at a very slow rate, a phenomenon known as stress-relaxation. For 33 instance, the soil behind supported walls of an excavation may exhibit stress-relaxation as the 34 soil straining is restricted. Moreover, clay deposits subjected to prolonged sustained loading 35 exhibit significant deformations with time, a phenomenon known as creep. In recent years 36 significant attention has been given to characterisation of rate-dependency, creep, and stress-37 relaxation of saturated clays (e.g. Kim and Leroueil 2001; Yin and Hicher 2008; Karstunen et 38 al., 2010; Sorensen et al., 2010; Tong and Yin, 2013; Yin et al., 2014; Rezania et al., 2017a;  HCTs, accommodated at the mid-height of the specimen, allowed for continuous measurement 92 of pore-water pressure (suction) evolutions throughout the experiments (see Bagheri et al. 2018 93 for more information about the design characteristics of the HCTs).
94

Experimental Program
95
Drained CRS compression tests were carried out on saturated and unsaturated specimens at 96 two different strain-rates of ̇= 4.8×10 -7 (denoted by letter A) and ̇= 2.4×10 -6 s -1 (denoted 97 by letter B). Two types of tests were carried out; single-staged compression-relaxation tests 98 (SS-CRS), and multi-staged compression-relaxation tests (MS-CRS). A set of 10 drained SS-
99
CRS tests were carried out, each test comprising of two stages; (1) loading the specimen at a 100 constant rate of displacement to a vertical total stress of σ0 ≅ 3450 kPa, and (2) stress-relaxation 101 at zero rate of axial displacement for a period of at least tR ≅ 210 hours. This set of experiments 102 allow for investigation of suction and strain-rate effects on the compression and stress-103 relaxation processes. Table 2 summarises the details of the compression stage of the SS-CRS 104 tests.
105
A set of two MS-CRS tests were carried out on unsaturated specimens, having an initial suction 106 of s0 ≅ 701 kPa (initial water content of w0 = 33%). The test procedure involved loading the 107 specimens at a constant rate of displacement with stress-relaxation stages of 24 hours duration 108 set at different strain levels as summarised in Table 3 . This set of experiments allow for 109 investigation of pre-relaxation strain level, stress level, and strain-rate on the stress-relaxation 110 process. Before commencing each experiment, the preparation of the cell was carried out 111 according to the procedure described in Bagheri et al. (2019) . The HCTs were also 112 preconditioned (see Bagheri et al. (2018) for more details). All tests were performed in a 113 temperature-controlled laboratory environment to avoid the influence of temperature 114 fluctuations on the output data. The maximum values of PPR (denoted by PPRmax) for selected strain-rates were found to be within a range of 1 -9%, complying well with the suggested 116 PPRmax range of 3 -15% by ASTM- D4186-06 (2006) . PPR is defined as the ratio of the excess 117 pore-water pressure (uexc) to the applied vertical total stress (σv).
118
The experimental results of saturated tests are evaluated based on the effective stress principle 119 (σ′v = σvuw). Simplified methods for calculation of unsaturated effective stress based on the 120 single effective stress approach can be found in Khoshghalb and Khalili (2013) and 121 Khoshghalb et al. (2015) . However, in this work, the experimental results of unsaturated tests 122 are evaluated based on the vertical net stress (σvnet = σvua). Since the tests were carried out at 123 the atmospheric air pressure, the vertical net stress is equal to the applied vertical total stress.
124
Where the results of saturated and unsaturated CRS tests were to be plotted on the same graph, 125 the saturated tests were also interpreted based on vertical net stress. Moreover, in order to allow time (t) in log σvnetlog t space during relaxation of the stresses;
The residual stress ratio (ξ) is defined as the ratio of the residual total vertical stress (σs) and 136 the pre-relaxation total vertical stress (σ0). The residual total vertical stress is the stress value 137 at the end of the relaxation course.
The relaxed stress (Δσ) is defined as; for both sets of tests were found to be suction-dependent and decrease with increase in suction,
153
within the range of applied vertical stresses. This effect was more pronounced for higher strain-rate tests. Furthermore, by extrapolating the compression curves to higher stress levels (i.e. 155 greater than 3.5 MPa), it is anticipated that the slope of NCLs will eventually converge at a 156 constant value corresponding to that of saturated specimen, as suggested by Zhou et al. (2012) .
157
Inspecting the variation of uexc with σvnet reveals that the higher the strain-rate, the higher the 158 generated uexc. The rate of change of Δu was also found to decrease with increase in suction. strain-rate may also lie above a CRS compression curve with much faster strain-rate, due to the 173 aging effects.
174 Fig. 4 presents the variation of σp with suction for both MSL and CRS tests. It is observed that 175 at a constant suction, the higher the strain-rate, the higher the σp. Similarly, at a constant strain-176 rate, the higher the suction, the higher the σp. Additionally, the increase in σp with suction 177 appears to follow an approximately linear trend for fast, slow, and oedometric strain-rates. An average value of 1.3 has been reported in the literature for the ratio of σp obtained from CRS Fig. 8 presents the variation of relaxation coefficient (Rα) with suction for fast and slow strain-from 43 to 58% for an increase in εR from 5 to 10%, then decrease to 55 and 44% respectively 252 for pre-relaxation strains of 15 and 17%. Overall, larger relaxed stresses are observed with 253 increase in pre-relaxation strains (and consequently pre-relaxation stresses). Moreover, an 254 increase in the pre-relaxation strain-rate by a factor of 5, is found to significantly affect the 255 magnitude of relaxed stresses at each pre-relaxation strain level, resulting in an increase of the 256 Δσ values by a factor of 2.2 -3.6. 
262
As shown in Table 5 , with change in εR, values of Rα vary within the ranges of 0.011 -0.027 263 and 0.025 -0.035 respectively for slow and fast pre-relaxation strain-rates ( Fig. 11) , indicating 264 dependency of the relaxation coefficient to the pre-relaxation strain (or stress) and strain-rate.
265
The observed ranges of Rα for the 24 hours relaxation stages of MS-CRS tests are, however, presented. From the test data, the following conclusions can be drawn; 277 1) Increase in strain-rate results in an increase in σp and decrease in Cc values. Similar 278 effects were also observed with increase in suction.
279
2) Compression curves from CRS tests exhibit higher σp than the MSL tests. Moreover, at 280 a given void ratio, the higher the strain-rate the higher would be the vertical stress.
281
3) At a constant suction, the higher the strain-rate, the higher the σp. Similarly, at a constant 282 strain-rate, the higher the suction, the higher the σp. with an approximation, to also be valid for unsaturated reconstituted specimens in the 294 range of applied vertical stresses and soil suctions in this study. 295 9) A higher rate and magnitude of relaxed stresses were observed with increase in pre-296 relaxation strains (and consequently pre-relaxation stresses). 10) At a constant strain level and suction, an increase in the Δσ values by a factor of 2.2 -298 3.6 was observed with an increase in the pre-relaxation strain-rate by a factor of 5. At 299 the same strain level, increase in pre-relaxation strain-rate also results in an increase in 300 Rα values under constant suction. The following symbols are used in this paper: 307 e = void ratio e0 = initial void ratio s = soil suction s0 = initial suction t = time tR = relaxation duration ua = pore-air pressure uexc = excess pore-water pressure uw = pore-water pressure w = gravimetric water content w0 = initial gravimetric water content wL = liquid limit wP = plastic limit Cc = compression index Cr = reloading index Cs = swelling index Cα = creep index D = particle diameter Gs = specific gravity Ip = plasticity index Rα = coefficient of stress-relaxation α = represents the ratio Cα/Cc εa = axial strain εR = pre-relaxation strain ̇ = strain-rate σ0 = pre-relaxation total vertical stress σp = yield vertical net stress σv = applied vertical total stress σs = residual total vertical stress σʹv = vertical effective stress σvm = maximum applied vertical stress σvnet = vertical net stress σpCRS = yield vertical net stress obtained from CRS tests σpMSL = yield vertical net stress obtained from MSL tests Δσ = relaxed stress Δu = change in pore-water pressure ζ = residual stress ratio AEV = air-entry value HCT = high-capacity tensiometer LC = London clay MSL = multi-staged loading NCL = normal compression line SSL = single-staged loading CRS = constant rate of strain 1D = one-dimensional PPR = pore-water ratio Bagheri, M., M. Rezania and M. Mousavi Nezhad. 2015. "An experimental study of the
